Organic solar cells have been intensively studied due to many advantages like flexible, printable, light, low-cost, fashionable, etc. We have been focused on the establishment of "bandgap science for organic solar cells." We believe that the following features are indispensable. (a) Organic semiconductors purified to sub-ppm level, at least seven nines (7N; 0.1 ppm), should be used. (b) A ppm-level doping technique should be developed. (c) Every individual organic semiconductor should be capable of displaying both n-and p-type characteristics by impurity doping alone, i.e., complete pncontrol should be developed. (d) Unintentional and uncontrollable doping by oxygen and water from air should be completely eliminated. (e) The doping technique should be applicable not only to single organic semiconductor films, but also to codeposited films consisting of two kinds of organic semiconductors since a key element for exciton dissociation in organic solar cells is having a co-deposited films.
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Recently, we have showed that in principle, almost all single organic semiconductors can be controlled to both n-type and p-type by doping alone, similar to the case of inorganic semiconductors (Figure 1 ). This can be regarded as a foundation for the construction of high efficient organic solar cells. 
Ionization Sensitization of Doping in Co-Deposited Organic Semiconductor Films
We have developed the pn-control technique by impurity doping for co-deposited films 1) such as C 60 :H 2 Pc (fullerene: metal-free phthalocyanine) since a key element for exciton dissociation in organic solar cells is having a co-deposited films. During the course of these studies, we made accurate estimates of the carrier concentrations generated by impurity doping by means of Kelvin band-mapping, 2) from which we found evidence of higher doping efficiencies for co-deposited films compared to those for the respective single films. Figure 3 shows the dependence of the doping efficiency on the doping concentration for C 60 :H 2 Pc and their component films. The doping efficiency is defined by the ratio of the carrier concentration created to the molecular concentration of Cs 2 CO 3 . The doping efficiencies of single films of C 60 and H 2 Pc are around 10%. In contrast, those of the co-deposited films of C 60 :H 2 Pc are around 50%. Thus, we conclude that the doping efficiency was significantly enhanced in the codeposited films.
By making contact with C 60 , since the electron transfer from the conduction band of H 2 Pc to that of C 60 (Figure 4(a) , blue arrow) occurs accompanied with energetic relaxation (0.7 eV), the electron concentration in H 2 Pc decreases. Due to the shift in equilibrium, the electrons liberated from the donor levels accelerate, i.e., the ionization rate (doping efficiency) for donors increases only in the H 2 Pc region. Figure 4(b) shows the cross sectional energy structures of charge separating H 2 Pc/C 60 superlattice after contact. In this model, the H 2 Pc regions act as electron supplying layers to the C 60 regions. The C 60 regions act as electron transporting highways. Based on this model, we expected that the total ionization rate in H 2 Pc:C 60 co-deposited films would increase further by increasing the H 2 Pc ratio and obtained the ionization rate of 97% at a H 2 Pc:C 60 ratio of 99:1. 
Mapping of Band-Bending for Organic pn-Homojunctions
A precise band-mapping for organic pn-homojunctions, which have various balance of doping concentration between p-and n-type layers, was performed by measuring the film thickness dependence of the work function from both sides of the pn-homojunction interface using a Kelvin probe. Bandbending including the simultaneous development of depletion layer in underlying n-type layer induced by the deposition of p-type layer, and vice versa, should be taken into account for the precise fitting based on the Poisson equation. Validity of the conventional theory of space charge layer suggests that the dopants are spatially fixed even in the organic semiconductor films. The present result allows the precise design of the built-in potential in the organic solar cells. 
